In Nigeria, access to reliable and stable supply of electricity is a major challenge for both the urban and rural dwellers. In this study, comprehensive review of accessibility to clean and modern energy in Nigeria has been carried out. Also, this paper examines the potential of renewable energy (RE) resources in Nigeria that can be harnessed for continuous energy supply and the government's efforts to ensure RE's sustainability. Nigeria is endowed with abundant energy resources but the existing electric energy infrastructures are unable to meet the energy demands of teeming population. There is imbalance in energy supply and demand in the country. Over the period from 2000 to 2014, there was an average of about 2.35 billion kWh of energy gap between energy production and energy consumption. The highest electricity consumption per capita recorded so far was 156 kWh in 2012. This makes Nigeria one of the country with the lowest electricity consumption on per capita basis in the world. In order to improve access to clean energy supply and achieve sustainable development, this paper pin points the significance of decentralized renewable energy systems and needs for the government to review the policies on renewable energy development in the country.
INTRODUCTION
During the last few years the 'energy issue' has been assuming a more and more important role among any other choice, strategy and policy concerning human survival and development. Modern societies strongly depend on reliable, affordable and sustainable energy supplies. In fact, energy is an obligatory input for most production processes and other economic activities and an essential component of way of life. Increased access to modern energy services is vital for social and economic development (Oyedepo, 2014a) .
At present, majority of energy resources in the world are derived from fossil fuels (such as natural gas, oil and coal) which inevitably leads to the continuing depletion of energy resources and leading to adverse environmental availability is low and the demand -supply gap is crippling. Poor services have forced most industrial customers to install their own power generators, at high costs to themselves and the Nigerian economy (Oyedepo, 2014b) .
Inadequate transmission infrastructure is among the constraints the on-grid power generation has over the years. The Nigerian Electricity Transmission system consist of about 5,523.8 km of 330 KV lines and 6,801.49 km of 132 KV lines, 6,098MVA transformer capacity at 330/132kV and 8,090MVA transformer capacity at 132/33kV (Okafor, 2017) . The wheeling capacity of Transmission Company of Nigeria (TCN) is 5,500MW while the distribution capacity is about 6 GW (Sambo, 2018) . In the last three years, TCN has been able to achieve significant improvements in its operations, system reliability and efficiency. For example, incidences of system collapse have drastically reduced from 42 system collapses in 2010 to about six system collapses recorded in 2016 (Lawal and Ojo, 2017) . Nonetheless, the system is operating well below international reliability and security standards. Frequency and voltage recordings often exceed established norms. The existing transmission system is weak and is majorly radial, which means that it's a single path of transmission with a power source at one end. This implies that any fault in the path could potentially lead to a collapse of the transmission network. The issue with transmission has been estimated to reduce the power generation capacity by a total of about 263 MW. Although, the Transmission Company of Nigeria plans to upgrade the transmission system to a capacity of 11,000MW by 2020 (subject to adequate funding and completion of projects planned for implementation); the transmission infrastructure in its current state, without an upgrade and improved technology, is unable to accommodate the estimated increase in generation by 2020.
The Nigerian power sector is characterized by comparatively large technical losses of between 20 and 50 per cent from 1980 to 2000. According to defunct Power Holding Company for Nigeria (PHCN) data, 25.1 per cent of the energy sent out by power stations is lost in transmission and distribution. Some of these losses are due to unmetered and unbilled energy consumption; others are due to technical problems encountered as a result of the long distances between consumers and power stations. Ultimately, Nigeria loses on average at least one third of its energy by the time it reaches the end consumer (Oyedepo and Fagbenle, 2011) .
The acute electricity supply hinders the country's development, notwithstanding the availability of vast natural resources in the country (Ajao, et al., 2009, www.nipc.gov.ng) . Based on this fact, there is need for alternative renewable sources of fuel for our power plants for 100% supply cannot be over emphasized. The adoption of renewable energy technologies in a decentralized energy manner, especially for rural communities and in standalone applications, will improve electricity supply and enhance the overall economic development. Figure 2 shows the historic development of electricity generation in Nigeria and of the selected peer countries. It is observed that Nigeria performed worst of the five countries in terms of absolute electricity generation. Over a 20 year period, there was an increase of 93% in mainline generating capacity in Nigeria. By contrast, Indonesia ramped up its electricity production by 372% and Bangladesh even by 451%. As a result, Bangladesh generated almost twice as much electrical energy in 2012 as Nigeria did (Werner and Faruk, 2015) . Table 2 shows the comparative energy consumption of some selected countries. The country's electricity consumption per capita as at 2015 was 134 kWh (Table 2) which is very low compared with most countries in the world like USA with 12,083 kWh, Germany 7,204 kWh, UK 4,740 kWh and China 4,039 kWh in the same year. At 134 kWh per capita, Nigeria lags significantly behind other developing nations in terms of electricity consumption. Based on the country's current demographics and global trends, electricity consumption should be four to five times higher than 134 kWh. For instance, the global minimum average electricity consumption per capita for developing economies is 500 kWh, about 4 times Nigeria's. Ghana's per capita consumption stands at 403 kWh, about 3.0 times Nigeria, while South Africa with 4,363 kWh consumes over 30 times Nigeria's power. The rule of thumb is that an industrial nation requires 1,000 MW per million inhabitants. This would imply that SCGT -Simple Cycle Gas Turbine, CCGT -Combined Cycle Gas Turbine. Source: NERC 2015, Sambo, 2018 Nigeria requires 180,000 MW for full power, which is a massive distance away from the federal government's target of 10,000MW by 2020 (Usman and Abbasoglu, 2015) .
Electricity consumption per capita in Nigeria for the period 1971 -2013 is presented in Figure 3 . The value varied from 29 kWh to 156 kWh. The highest value ever recorded was 156 kWh in 2012 (CIA, 2014) . There was a drop in this value to 134 kWh in 2015. Nigeria is one of the country with the lowest electricity consumption on a per capita basis in the world. More than half of the nation's 176 million people are not connected to the national electricity grid. The country's paltry power generation, which is shamefully low, is expectedly inadequate for those connected to the grid (World Bank, 2014; Odhiambo, 2014) .
According to Abam et al. (2014) , the electric power generating sector in Nigeria is relatively small when compared with the teeming population and consequent energy consumption. The overall electricity production and consumption from 2000 to 2014 are presented in Figure 4 . The electricity production increased from 14.75 billion kWh in 2000 to 24.87 billion kWh in 2014 while consumption increased from 13.72 billion kWh in 2000 to 20.38 billion kWh in 2014. From Figure 4 , it can be seen that electric power production and electric power consumption in Nigeria have generally followed the same trend over the period of 2000 -2014. In the exception of some rare instances, increases in electric power production have been associated with increases in electric power consumption and vice versa. For example, when electricity production increased from 14.75 billion kWh in 2000 to 18.70 billion kWh in 2001, electricity consumption also increased from 13.72 billion kWh to 17.37 billion kWh over the same period. Besides, a sudden drop in electricity production from 18.70 billion kWh in 2001 to 15.67 billion kWh in 2004 forced electricity consumption to decline from 17.37 billion kWh to 14.55 billion kWh during this period. The difference between electricity production and consumption has averaged about 2.35 billion kWh for the period considered. This indicates that about 2.35 billion kWh of the electric power generated has mostly not been consumed. The effects of the wide gap between electricity production and consumption in the country are low access to clean energy (electricity), increase in poverty level, poor economic development and industrialization.
Nigeria suffers from an inadequate supply of usable energy due to the rapidly increasing demand, which is typical of a developing economy. Paradoxically, the country is potentially endowed with sustainable energy resources to meet with the challenges of electricity demand. However, the major reason for the shortage of domestic electricity supply may not be unconnected to the overdependence on oil and natural gas for electricity generation and non-diversification of energy resources in the country (Oyedepo, 2012a) . Hence, for sustainable development, the energy demand and supply chain must be repositioned to attain a reasonable equilibrium (Abam et al., 2014) .
Current and Projected Future Sectorial Energy Consumptions in Nigeria
While, energy development means enhanced provision of energy not only in quantity, but equally in quality. Energy can be in the form of fuel, power and light etc. and is consumed by human in their daily activities. Energy is also used in the industrial process, agriculture, mining, industry and services, including transport and information , 2015) . The forms of energy consumed in Nigeria have increased in diversity and intensity with innovations in science and technology and socio-economic changes. The primary energy forms consumed in Nigeria include the major fossil fuels, such as coal and lignite, petroleum products, natural gas and wood fuel, while the major secondary form is electricity (Enibe and Odukwe, 1990) . According to (Abam and Effiom, 2015) , analysis of the probable energy reserve in 2011 was given as: coal 2.7 billion tons, crude oil 37.2 billion barrels and natural gas 5.1 trillion cubic meters. The total energy consumption (EC) in 2011 was estimated at 3.6 % over that in 2010 bringing the value of the aggregate consumption to approximately 4.4 quadrillions (NBS, 2011; CBN, 2012 ). The energy consumption profile for the three economic sectors of Nigeria, industrial, agricultural and transportation is presented in The inability to satisfy the domestic and, to a large extent, industrial needs for electricity is reported to have had debilitating impact on the growth potentials of the Nigerian economy (World Bank, 1991) . Even so, the demand for electricity, according to the defunct PHCN, is projected to increase from 5746 MW in 2005 to nearly 297,900 MW by the end of 2030. This implies that the Nigerian power sector needs to add approximately 11,686 MW of electricity to its stock each year in order to match this projection (Iyke, 2015) .
In order to produce reasonable electricity supply targets and milestones, it is imperative to have energy demand and supply projections for the country using internationally accepted energy modelling techniques (Osueke and Ezeh, 2011) . Among the internationally accepted energy modelling techniques used by Energy Commission of Nigeria (ECN) to analysed the energy demand and supply projections in Nigeria as reported by Sambo (2008) are Model for Analysis of Energy Demand (MAED) and Model for the Energy Supply Strategy, Alternatives and their General Environmental Impact (MESSAGE) (IAEA/ECN,2007) .
In modelling the Nigeria's energy case based on MAED, four economic scenarios were developed and used as follows in accordance to International Atomic Energy Agency (IAEA, 2009):
Reference Scenario -7% GDP Growth;
• The main driver of growth is the manufacturing sector.
• GDP grows by an average of 7% p.a • Manufacturing accounts for 15% of GDP by 2030 from 6% in 2005.
• Per capita electricity consumption increase to 4,000kWh.
• Consistent with the MDG objective of reducing poverty by half by 2015. High Growth Scenario -10% GDP Growth;
• GDP grows by an average of 10% p.a • Manufacturing contributes 24% of GDP by 2030
• Per capita electricity increase to 5026kWh by 2030 • Nigeria is transiting from an agrarian economy to an industrializing nation. Optimistic Scenario I -11.5% GDP Growth;
• GDP grows by an average of 11.5% p.a in line current administration's vision for the economy.
• Manufacturing contributes 25% to GDP.
• Per capita electricity increase to 5,450kWh by 2030. Optimistic Scenario II -13% GDP Growth (based on Presidential Pronouncement for the desire to be among the first 20 economies by 2020).
• GDP grows by an average of 13% p.a in line current administration's vision for the economy.
• Per capita electricity increase to 6620kWh by 2030. Figure 6 shows the electricity demand projections for the above scenarios. According to Sambo (2008) , the demand indicated for 2005 represents suppressed demand, due to inadequate generation, transmission, distribution and retail facilities. Suppressed demand is expected to be non-existent by 2010. For the 13% GDP growth rate, the demand projections rose from 5,746MW in the base year of 2005 to 297,900MW in the year 2030 which translates to construction of 11,686MW every year to meet the demand. The corresponding cumulative investment (investment & operations) cost for the 25-year period is US$ 484.62 billion, which means investing US$ 80.77 billion every five years within the period. In conducting the studies, all the available energy resources in the country were considered in order to broaden the nation's energy supply mix and enhance its energy security. The computation of Nigeria's Energy Supply projection was carried out based on MESSAGE (Osueke and Ezeh, 2011) . The same scenarios used in MAED were also used. The result for the electricity supply projection is shown in Figure 7 .
The following points are worthy to be noted in computing energy supply projection:
• Objective of the energy supply projections was to optimal fuel or source-mix for the diversification of the electricity supply.
• Energy supply projections used the model for energy supply strategy alternatives and their general environment model (MESSAGE).
• Scenarios are similar to that used for demand-side analysis, except for non-inclusion of the optimistic scenario II to obtain gross electricity supply projections.
• Seven fuel or source-options, including coal, gas, hydro, nuclear, wind, solar, were used for optimization.
The optimization provided relative or likely contributions of each source-mix in the projected electric supply (Osueke and Ezeh, 2011) . One of the objectives of the study done with MESSAGE under the auspices of the IAEA was to find the optimal mix of fuels for the diversification of electricity supply in Nigeria. In the study, seven different fuel types (natural gas, large hydro, coal, nuclear, small hydro, solar, and wind) were used for the optimization. The shares of the different power generation technologies in the total installed capacity for the Reference Case are shown in Figure 8 . From Figure 8 , the share of hydropower (large and small) in the total installed capacity will decrease from 31.30% in 2005 to about 11% in 2030, while the share of natural gas based power capacity will increase from 68.30% in 2005 to 82.15% in 2010 and thereafter decrease to 62.95% in 2030. Coal and nuclear, which are not used for power generation at all at present, will account for 15.6 and 6.7% by 2030, respectively. Solar and wind are also projected to account for 8.3% and 1.8% respectively by 2030 (Sambo, 2009) .
Electricity Consumption and Economic Growth Trends in Nigeria
Using historical aggregate data on Nigeria real gross domestic (GDP) and electricity consumption (kilowatthours) the dynamic pattern of electricity consumption and economic growth in Nigeria over the period 1971-2012 is presented in Figure 9 (Okoligwe and Okezie, 2014; Iyke, 2015) . The continuous increase in energy consumption is quite inconsistent with GDP but the electricity consumption has been increasing at a faster rate than GDP. From 1972 to −4.5% in 1974. In addition, when real GDP per capita growth increased from −7% in 1983 to 9.5% in 1985, the percentage change in electricity consumption per capita was only affected after 1984-increasing from −22.1% to 32.9% in 1985. In contrast, when the real GDP per capita growth was on the decline between 1974 and 1975, the percentage change in electricity consumption per capita was increasing during this period. On this evidence, it is quite unclear whether electricity consumption causes economic growth or economic growth causes electricity consumption. Despite the importance of infrastructural services to economic development, the consumption of electricity in Nigeria has been very low due to inadequate supply (Oseni, 2011) . This possibly might have been responsible for the slow rate of development in the country. The most regrettable situation is that electricity sector has never contributed up to 2% and 1% to the economic value added and economic development respectively in the country. In 2010, Nigeria electricity contributes only 0.32% and 0.22% to economic value added and economic growth respectively (Oyedepo et al., 2014) . This possibly reflects the poor state of infrastructural developments in the country and the reason why Nigeria is ranked among the top poor economies in the world despite its abundant natural endowment.
Electricity Access in Nigeria
Electricity access is low in Nigeria which is the largest economy in Africa in terms of GDP and population (Emodi and Yusuf, 2015) . At present, only 10% of rural households and 40% of the country's total population have access to electricity (Oseni, 2012) . Among those who have access, a comparable number receive electricity services that are below the standards of quantity and reliability expected of an efficiently performing sector. The situation is significantly different at different geopolitical zones. Table 3 shows distribution of households without electricity access in the different geo-political zones of Nigeria (in Percentage). From Table 3 , it is observe that the lack of electricity access is more severe in the northern parts of Nigeria with the North-East geopolitical zone having 71.6%. 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 A report released by the World Bank and some foreign organizations has shown Nigeria taking the ignominious position of the second worst country with high electricity access deficit. The report states that 82.4 million Nigerians lack access to electricity. In an assessment of the worst 20 countries in the world, Nigeria came second to India with a population of 306.2 million people with lack of access to electricity (Figure 10 ). Unfortunately, while India, China, Indonesia, Pakistan, Bangladesh, Brazil, Philippines are moving very fast to resolve the challenge ahead of the Sustainable Energy for All by 2030, Nigeria is lagging with an annual increase in the access to electricity at the rate of 1.8 percent (Sustainable Energy for All Initiative, 2012).
Electricity access is more than just a connection to a distribution network; it requires that electricity is provided adequately as demanded and in a reliable, affordable manner. The provision of adequate and reliable electricity service on demand requires a balanced, planned expansion of generation capacity and transmission and distribution (T&D) for delivering electricity securely and efficiently, based on the location of generation plants and load centers, and coordinating with off-grid options where feasible. Policies and regulation are needed to achieve this, both to facilitate the large capital investments needed to bridge the access gap and to ensure that electricity services are financially viable and affordable for all, especially the poor (Heider et al., 2015) .
Energy security and improving access to energy are very important for local and national economic development. This can be realized in ways that also reduce health risks (through reduction of indoor and outdoor air pollution), and mitigating climate change through lower emissions of CO2.
Shifts from conventional energy system (coal, petroleum products) to non-conventional domestic renewable energy supply (bioenergy, wind power, hydropower) lead to a more diverse and cleaner energy supply (Kok et al., 2008) .
There is no doubt that the present power crisis afflicting Nigeria will persist unless the government diversifies the energy sources in domestic, commercial, and industrial sectors and adopts new available technologies to achieve sustainable development through energy security while at the same time combat the challenges of global warming . In diversifying energy sources that is sustainable, effective utilization of renewable energy (RE) in decentralized form becomes the best option. Globally, there has been upward trend in the utilization of renewable energy in the generation of modern energy (electricity) (Oseni, 2012) . The level of utilization of Nigeria's RE resources requires serious attention to salvage the country from a looming energy crisis.
Energy Resources Potential in Nigeria
Energy resources of a country refer to the stock of materials and resources from which energy can be drawn with given present know-how. Energy resources are among the most important assets of any nation. It is a wellknown fact that high rate of industrial growth is a function of the amount of energy available and the extent to which that energy is utilized (Shaaban and Petinrin, 2014) .
Nigerian energy resources are categorized into conventional and non-conventional forms. The conventional energy resources consist of coal, crude oil, natural gas and hydroelectric power and lignite. The non-conventional energy resources in Nigeria include solar, nuclear fuels, geothermal, biomass, oil shales, tar sand, wind and tidal from sea (Nwanya, 1998) . Table 4 and Figure 11 show the energy resources potential in Nigeria and the geographical distribution of these energy resources. From Table 4 , it is seen that Nigeria is endowed with an abundant supply of natural energy sources, both fossil and renewable. These diverse resources are available all over Figure 11 provides a general indication of regions in Nigeria with high potential for selected energy resources. If these resources are properly harnessed and effectively managed, Nigeria would have been among the richest energy generation in the world. Unfortunately, some of these resources are yet to be tapped while the maximum utilization of others is not in view, thus making energy a major concern and priority in the country. Hence, rapid growth in the energy need above generation levels and poor access have therefore always been the result of resources underutilization and a major constraint to economic growth.
Energy plays a double role in Nigeria's economy: as an input into all economic activities and as the mainstay of Nigeria's foreign exchange earnings through the export of crude oil and, more recently, from increasing natural gas exports. Nigeria's economy is heavily dependent on the oil sector and now on gas too, since both together account for 90 -95% of export revenues, over 90% of foreign exchange earnings and nearly 80% of government revenues. The majority of Nigeria's exports of crude are destined for markets in the United States and Western Europe with Asia becoming an increasingly important market of late (Oyedepo, 2013) .
The Nigeria National Petroleum Corporation (NNPC) revealed that Nigeria's oil production in 2014 stood at 2.5 million barrels per day (bbl/day) making it the 13 th largest producer of crude oil in the world. It also holds the 9 th largest natural gas reserves in the world. However, its gas-dominated electricity grid still experiences frequent collapses due to inadequate gas supply and obsolete infrastructures.
Many indigenous researchers have looked into the availability of renewable energy resources in Nigeria with a view to establishing their viability in the country. In this regard, the potential of generating electricity through the following renewable energy resources in Nigeria such as solar energy, wind energy, hydropower and biomass has Figure 11 . Diversity of geographic distribution of Nigeria's portfolio of energy sources been established and confirmed feasible (Adaramola and Oyewola, 2011; Agbetuyi et al., 2012 , Oji et al., 2012 , Ladan, 2009 ). For example, Nigeria's annual average daily solar radiation is about 5.535 kWh/m 2 /day, varying between 3.5 kWh/m 2 /day and 7.0 kWh/m 2 /day at the coastal areas in the south and at the northern boundary respectively.
Nigeria has a potential for electricity production from Solar PV technology in the range of 207,000 GWh per year if theoretically only 1% of the land area (e.g. 920 km² = 920 x 10 6 m²) were covered with state-of-the-art polycrystalline PV modules, with an electricity yield of 1,500 Wh/Wp per year. This figure is tenfold the total electricity production of Nigeria in 2011. As can be seen from the map in Figure 12 , the best potential for large-scale solar power plants (preferably PV) lies in the northern part of the country. Long-term annual average global horizontal irradiation (GHI) values in the northern states ranges from 2,000 to 2,200 kWh/m². This high solar irradiation is comparable to very high-yield sites in southern Spain, northern Africa, Australia and Latin America. The south of Nigeria has less potential for solar energy as it is often cloudy and has a longer rainy season.
The World Bank recommends in this context that off-grid solutions be developed using renewable energy sources, commenting that "PV and hybrid systems are already economically competitive for many off-grid applications. Gasoline and diesel generators produce power at levelised cost of energy (LCOE) ("export parity") , the economic advantages of renewables will become ever greater." It proposes that solar PV in particular be used for water pumping and irrigation (IEA, 2014) .
Wind energy resource in Nigeria is available at an annual average speed of 2.0 m/s near the coast to 5.0 m/s at the height of 10 m in northern parts of the country. The Ministry of Science and Technology has carried out wind energy resource mapping (Lahmeyer, 2005) . This wind mapping project indicated wind speed of up to 5 meters per second in the most suitable locations, which reveals only a moderate and local potential for wind energy.
The highest wind speeds can be expected in the Sokoto region, the Jos Plateau, Gembu and Kano / Funtua. The stations at Maiduguri, Lagos and Enugu also indicated fair wind speeds, sufficient for energy generation by wind farms. Apart from these sites, other promising regions with usable wind potential are located on the Nigeria western shoreline (Lagos Region) and partly on the Mambila Plateau. The calculations indicate the highest energy yield at the coastal area of Lagos, followed by the Sokoto area and the Jos Plateau. The computed 3D wind map is shown in Figure 13 . To date, the Federal Ministry of Power reports that an off-shore wind mapping is being undertaken (Vincent -Akpu, 2012). However, no details about this have been disclosed. Such information would beneficial for further investigation of the potential of wind power in Nigeria. There are two larger wind farm projects ongoing at present, namely 10 MW in Katsina, and 100 MW in Plateau State. As regards the 100 MW wind-power farm outside Jos, due diligence has been completed on the application for a license to operate. The owner reports that a provisional Independent Power Producer (IPP) license has been obtained from the National Electricity Regulatory Commission (NERC) acknowledging that JBS Wind Power Limited has met all regulatory Figure 12 . Solar Irradiation Levels of Global Horizontal Irradiation (GHI) in Nigeria requirements to commence operation. The smaller 10 MW Katsina pilot wind farm is being built by a French company on behalf of the Federal Ministry of Power (FMP) and is about to be completed (FMP, 2015) .
Nigeria ranked ninth in hydropower potential in Africa with technical hydropower energy at 32,450 GWh/yr. As at 2001, only 21.5% (6986 GWh/yr) of the hydro potential was used. Currently there are 1.9 GW hydropower capacity installed in 3 large power plants (Kainji: 760 MW; Jebba: 570 MW; Shiroro: 600 MW), although only roughly half of it is operational (NERC, 2012) . A World Bank reference scenario following Federal Government of Nigeria (FGN) plans and feedback from stakeholders suggests hydropower utilization could be increased to 7.2 GW by 2035 (World Bank, 2013) . The ECN estimates the large hydro potential even at 11 250 MW and the small (2015) hydro potential at 3 500 MW (ECN, 2013) . In spite of this huge potential, hydropower capacity in Nigeria still remains underexploited. Current hydropower generation is about 14% of the nation's hydropower potential and represents some 30% of total installed grid connected electricity generation capacity of the country (Oyedepo, 2014c) .
Recently, small hydropower (SHP) has gained rapid consideration in both the developed and developing economies of the world because of its inherent advantages like in-excessive topography problems, reduced environmental impact, minimal civil works and the possibility for power generation alongside with irrigation, flood prevention, navigation and fishery. According to the recent studies carried out by Energy Commission of Nigeria (ECN), hydropower potential sites are distributed in 12 States and in the river basin. However, SHP potential sites exist in virtually all parts of Nigeria (Figure 14) . There are over 278 unexploited sites (Table 5 ) with total potentials of 734.3 MW (Essan, 2003; Ismaila, 2006) . So far about eight (8) small hydropower station with aggregate capacity of 37.0 MW has been installed in Nigeria by private company and the government. Some around Jos Plateau, where there is 2 MW Station at Kwall fall on N'Gell river (river Kaduna) and 8MW station at Kurra fall, which was developed by a private company (NESCO) more than 75 years ago. The technically exploitable small hydro power (SHP) capability in Nigeria is high but underutilized .Hence, there is urgent need to develop Small Hydropower Plants for provision of electricity for the rural areas and remote settlements. The SHP development programme in the last year has been able to assess additional 22 potential sites for developments.
A cost comparison between small-scale hydro power plants and diesel generators for rural electrification clearly indicates the cost effectiveness of the former. It will therefore be useful for the country if more attention is paid to the exploitation of small scale hydro resources for power generation.
Studies by indigenous researchers (Ladan, 2009; Simonyan and Fasina, 2013; Ogwueleke, 2009; Agbro and Ogie, 2012; Agba et al., 2010) revealed that the country has high potential for bioenergy development because roughly 74 million ha of Nigeria's total land (98 million ha) is arable and about 60% of the arable land is lying idle.
In view of the increasing demands for electricity in the country, alternative off-grid renewable energy solutions are needed to diversify power generation from the vast supply of renewable biomass materials. Nigeria, as an agrarian economy has ample opportunity to bridge the electricity demand-supply gap by utilizing its abundant biomass resources such as agricultural residues (Garba and Zangina, 2015) . The biomass resources of Nigeria can be identified as wood biomass, forage grasses and shrubs, residues and wastes (forestry, agricultural, municipal and industrial) as well as aquatic biomass (Olurinde, 2015) .
From the perspective of available land and wide range of biomass resources, Nigeria has significant potential to produce biofuels and even become an international supplier. Bioenergy feedstock is not only abundant in Nigeria, it is also widely distributed. Nigeria is the largest producer of cassava in the world. Nigeria could also become a major player in the biofuel industry given the enormous magnitude of various waste / residues (agricultural, forestry, industry and municipal solid) available in the country.
The country well-endowed with abundant biomass energy resources, which are not being utilized adequately. Putting the huge quantities of biomass resources, mostly in the form of agricultural residues and wastes, which are currently disposed by burning or dumping, to energy production could potentially increase the energy supply thereby increasing energy mix and balance in Nigeria. There are also environmental benefits of reducing greenhouse gas emissions by generating electricity from biomass as well as supply of electricity in the rural areas (Pereira et al., 2012; Simonyan and Fasina, 2013) . There exist a great opportunities for exploitation of different Kela et al., (2012) ; Shaaban and Petinrin.(2014) types of biomass in Nigeria with an estimated 2.01 EJ (47.97 MTOE) biomass residues and wastes available to be exploited annually.
For energy purposes, Nigeria is using 80 million cubic metres (43.4 x 10 9 kg) of fuel wood annually for cooking and other domestic purposes. The energy content of fuel wood that is being used is 6.0 x 10 9 MJ out of which only between 5 and 12% is the fraction that is gainfully utilized for cooking and other domestic uses (Ajao et al., 2009 ).
According to assessment carried out by World Bank (2013) , it was expected that by 2015 conversion of biomass-to-power could deliver as much as 1,643 GWh/year, with the figure rising to 13,140 GWh/year by 2035. Unfortunately, to date, there has been little mention of any plans to establish large biomass power plants, for example along the model developed in Brazil for sugarcane plantations, where the crushed fibres (bagasse) are used as the feedstock to great effect. This is even more surprising given the prevalence of academic literature demonstrating the biomass potentials on the ground in Nigeria.
Hybrid Power Systems
In the context of electric power generation, 'Hybrid System' refers to a system that uses more than one power source to produce electricity (Germany Energy Agency, 2010). A hybrid system usually consists of one or more renewable energy sources and is common with isolated power systems and weak grids. Hybrid Renewable Energy Systems (HRES) is composed of one renewable and one conventional energy source or more than one renewable with or without conventional energy sources, that works in stand-alone or grid connected mode (Lazarov et al., 2005) . HRES is becoming popular for stand-alone power generation in isolated sites due to the advances in renewable energy technologies and power electronic converters which are used to convert the unregulated power generated from renewable sources into useful power at the load end. The most common hybrid combinations are PV-Diesel and Wind-Diesel (National Renewable Energy Directory, 2005).
The important feature of Hybrid Systems (Figure 15 ) is to combine two or more renewable power generation technologies to make best use of their operating characteristics and to obtain efficiencies higher than that could be obtained from a single power source. Hybrid systems can address limitations in terms of fuel flexibility, efficiency, reliability, emissions and economics (Bajpai and Dash, 2012) .
Simple hybrid systems use batteries for immediate response to reduction in power output and diesel generators for longer lasting situations. An immediate response or primary control refers to a loss in power that needs to be countered in a matter of seconds before its effect is felt by the consumers while a longer lasting situation requires secondary control which employs mechanisms like the Automatic Generation Control (AGC) that is designed to kick in if the interruption in power delivery is not abated in about 10 -15 minutes. Prediction of a drop in power production by one energy source helps system operators to structure the hybrid model to begin firing up back up power well in advance (Adem et al., 2008) .
In Nigeria, several researchers Okundamiya and Omorogiuwa, 2015; Adaramola, 2012; Oladeji and Sule, 2015; Olatomiwa et al., 2016) have carried out studies on technical and economic feasibility of utilizing hybrid energy systems as a means of increase access to electricity in rural areas of Nigeria. As HRES combine two or more renewable sources with or without conventional energy sources helps to overcome disadvantage of power fluctuation in using single renewable energy source (Siddaiah and Saini, 2016) . 
SUSTAINABLE ENERGY TECHNOLOGY DEVELOPMENT
Sustainable development may be broadly defined as living, producing, and consuming in a manner that meets the needs of the present without compromising the ability of future generations to meet their own needs. The aim of sustainable development is to achieve improvement in quality of life, including improving standards of living in less developed countries while safeguarding the ecological processes upon which life depends (Oyedepo, 2012b) . In this context, the concept of sustainable energy technology (SET) refers to the energy technology that is capable of providing energy to meet consumers' needs (demands) at an affordable cost on a long-term basis without disturbing (compromising) ecological balance (Ali, 2011) . That means SET is environment-friendly and cost-effective. However, the viability of SET adoption depends on the socio-economic and technical background of rural dwellers in Nigeria.
Reliable energy supply is essential in all economies for lighting, heating, communications, industrial equipment, transport, etc. Purchases of energy account for 5 to10% of gross national product in developed economies. However, in some developing countries, fossil fuel imports (i.e. coal, oil, and gas) may cost over half the value of total exports; such economies are unsustainable, and an economic challenge for sustainable development. World energy use increased more than ten-fold during the 20 th century, predominantly from fossil fuels and with the addition of electricity from nuclear power. In the 21 st century, further increases in world energy consumption may be expected, largely due to rising industrialization and demand in previously less developed countries, aggravated by gross inefficiencies in all countries. Whatever the energy source, there is an overriding need for efficient transformation, distribution, and use of energy (Twidell and Weir, 2015) .
Thus energy sustainability is considered to involve the sustainable use of energy in the overall energy system. This system includes processes and technologies for the harvesting of energy sources, their conversion to useful energy forms, energy transport and storage, and the utilization of energy to provide energy services such as operating communications systems, lighting buildings and cooking. Thus, energy sustainability goes beyond the search for sustainable energy sources, and implies sustainable energy systems, i.e., systems that use sustainable energy resources, and that process, store, transport and utilize those resources sustainably (Oyedepo, 2014a) .
Sustainable energy technologies are necessary to save the natural resources avoiding environmental impacts which would compromise the development of future generations (Oyedepo, 2013) . Delivering sustainable energy will require an increased efficiency of the generation process including the demand side. In attaining sustainable development, increasing the energy efficiencies of processes utilizing sustainable energy resources plays an important role. The utilization of renewable energy offers a wide range of exceptional benefits (Hepbasli, 2008) .
As a complementary measure, development of renewable energy resources in Nigeria is important to promote economic growth, protect ecosystems and provide sustainable natural resources. Furthermore, renewable energy resources development in developing countries like Nigeria will promote poverty reduction, improve education quality, maternal health, gender equality, and aim at combating child mortality, AIDS and other diseases which would be in line with the Millennium Development Goals (United Nations, 2006). Moreover, the sustainable energy technologies often reduce or avoid greenhouse gases (GHGs) emissions, such projects would also address the climate change issue (Doukas et al., 2009; Karakosta et al., 2012) . However, these kinds of practices are, unfortunately, rare in the country. Notwithstanding, with effective policy formulation by government and private partnership involvement in renewable energy technologies, there is guarantee of sustainable national development in Nigeria.
Challenges for Sustainable Energy Technology Development in Nigeria
Needs and availability of raw material are sadly not always guarantors of technology development. This is true in this case for sustainable energy development in Nigeria. The following are recognized potential challenges to the development of sustainable energy technology in the country:
• Lack of related technical skill: Historically, a major reason for failed renewable energy system projects has been the absence of know-how transfer of the new technology to individuals in the communities that received them. The executors of new technology often overlook the need for local technical training, maintenance service expertise development, user education and awareness. Renewable energy technician training will be absolutely necessary for any renewable energy project to be successful. Builders will need education in renewable energy construction techniques and the public psyche will need to be shifted to adapt their lifestyles to a changing energy system. Trades schools, technical colleges and universities will need to be prepared and equipped to support the transition to the new energy system as well.
• Uncertainty of finance sources: Renewable energy technology is still expensive at its current stage of development, even to governments. For rural communities and individuals, the cost of owning a selfsponsored renewable energy system is simply cost prohibitive. Short of a donor-developed project by an NGO, an innovative financing approach will be needed to implement a renewable energy based infrastructure in the rural communities where the need is the greatest.
• Orderly implementation of the new energy systems: This is important in order to cut down on sloppy projects and -quackery‖. Typical of any newly introduced social apparatus, the excitement of new energy technology coupled with the yearning of citizens for a steady power supply is attracting a myriad of -quacks‖ into the renewable energy development business. One of the greatest impediments to adoption of the new energy system will be disappointed citizens who are burnt with failed renewable energy projects executed by illegitimate businesses wanting only to make a profit.
• Poor resource management and lack of commitment by various levels of government to invest in energy development are also real challenges that may mitigate a successful implantation of any sustainable energy technology. When resources are transformed and managed properly they are capable of providing fountains of prosperity. However, when mismanaged, they are equally capable of producing mountains of misery to the society.
RENEWABLE ENERGY TECHNOLOGIES
Renewable energy technologies (RETs) can be deployed to produce marketable energy by converting natural phenomena into useful forms of energy. These technologies use the sun's energy and its direct and indirect effects on the earth (solar radiation, wind, falling water and various plants, i.e. biomass), gravitational forces (tides), and the heat of the earth's core (geothermal) as the resources from which energy is produced. These resources have massive energy potential, however, they are generally diffused and not fully accessible, most of them are intermittent, and have distinct regional variability (Bazmia and Zahedia, 2011) . Nowadays, significant progress is made by improving the collection and conversion efficiencies, lowering the initial and maintenance costs, and increasing the reliability and applicability.
The potential role of renewable energy technologies (RETs) in transforming global energy use, with a focus on sustainable development and increasing the welfare and health of the rural poor, is enormous. Renewable energy sources, such as biomass, biogas, wind, solar, mini-hydro, geothermal, can provide sustainable energy services, using a mix of readily available, indigenous resources with potential to result in minimal local environmental damage or net emissions of GHGs. A transition to renewables-based energy systems looks increasingly desirable and possible because the costs of solar and wind power systems have dropped substantially in the past 30 years. Most forecasts indicate that costs of renewably produced electricity should continue to decline, while the price of oil and gas continues to fluctuate. If social and environmental costs are included in the estimation of electricity costs, RETs become still more attractive (Kuku, 2009) .
The objectives of harnessing renewable energy (RE) as primary energy source are to focus on provision of sustainable energy to the economically subjugated fraction of the society, combat energy shortage, encourage the development of rural infrastructure and provide clean energy from the perspective of the Kyoto directive towards global decarbonization. This concept of RE has become a fast growing idea in the global power sector. The popularity of RE development can be directly allied to the growing trend of environmental concern and the rapidly depleting reserves of conventional energy resources due to the aggressive utilization. These emergent concerns call for a viable alternative solution to the contemporary environmental challenges and the energy crisis scenario through sustainable means (Albadi and El-Saadany, 2010) . Perhaps the greatest challenge in realizing a sustainable future is to develop technology for integration and control of renewable energy sources in smart grid distributed generation. The smart power grid distributed energy system provides the platform for the use of renewable sources as adequate emergency power for major metropolitan load centers and the ability to break up the interconnected power systems into the cluster smaller regions.
The increasing energy demand, the rapidly depleting fossil fuel reserves and the environmental problems associated with the use of fossil fuel have necessitated the development of alternative energy sources -renewable energy sources (such as wind energy, solar energy, hydro power etc) for electricity generation in Nigeria. It is reported that the electricity generation in Nigeria as at 2015 was less than 5,000 MW due to fluctuations in the availability and maintenance of production sources, leading to a shortfall in supply (Zubairu et al., 2015) . However, analyses of available renewable energy resources data for selected cities have confirmed a high prospect of renewable energy resources in Nigeria. Several studies on renewable sources of energy have also been performed.
The Nigerian Energy Commission and the Solar Energy Society of Nigeria have been tasked with generating a standalone solar-powered solution for the remote rural dwellers. The country is looking towards further development of the hydropower resources and other renewable energies such as wind, solar and biomass to close the generation shortfall and foster the economic growth. The level of utilization of Nigeria's RE resources requires serious attention to salvage the country from a looming energy crisis (Shaaban and Petinrin, 2014) .
Since the early 2000, Nigeria has identified RE as an additional source to improve electrical power generation. Presently, RE is being developed for empowering the local economies, but the RE incorporation to the national grid is yet to be implemented at a greater scale (Abdullahi et al., 2015) . Nigeria is among the developing countries that is slowly striving to include RE in their future energy development. Amongst the reasons for the slow uptake in RE are high capital cost of initial financial investment as well as lack of adequate knowledge regarding the benefits of RE.
As stated earlier, in Nigeria, there is high solar irradiation and excellent wind speed that can be effectively utilized for electricity generation. To maximally benefit from these, there is a greater need for good leadership and good governance.
Many experts now argue that technologies such as solar, wind, and small-scale hydropower are not only economically viable but also ideal for rural areas. Renewable energy technologies (RETs) are cost-competitive with conventional energy sources in applications such as solar water heating, off-grid electrification with solar photovoltaics (PV), small-scale biomass power generation, biofuels, grid-connected and off-grid wind power, small hydropower, geothermal power, and methane utilization from urban and industrial waste (Painuly, 2001 ).
Development of Renewable Energy Technologies in Nigeria
In Nigeria as in other developing nations, the demands for sustainable energy are increasing due to population and developmental growth. But the available infrastructures for providing and extending these required energy especially to rural areas have continued to diminish and have become grossly inadequate in recent times. The realization of this fact have necessitated the need for the nation to identify and promote the development and utilization of other renewable energy sources such as wind, small or mini hydropower sources to augment the existing ones for the socio-economic development of the unreached rural areas of Nigeria (Otuna et al., 2012) .
Recently, modern and efficient technologies have been used to develop and adopt devices for the utilization of renewable energy resources by the following Research Centres of the Energy Commission of Nigeria:
• Similarly, the Energy Commission of Nigeria signed another MOU with Green Shield of Nigeria (a registered NGO with diversed interest in alternative energy sources etc) to produce bio-diesel as a renewable energy for domestic and commercial uses in Nigeria, using Jatropha plant.
• The Renewable Energy Programme office, Adamawa State Government and Green Carbon Afrique is developing sugarcane based biofuel plants in Girei and Demsa Local Government Areas of Adamawa State covering 2,000 hectares of plantations. This initiative is to produce sugar for local use and export, ethanol and ultimately electricity. This integrated project is being replicated in ten states of the country.
• Currently, rice production and processing in Nigeria is typically undertaken by small local farmers using basic processing technology. Typical issues limiting economies of large-scale rice production include lack of access to improved technologies, the high costs of energy for parboiling, and lower output quality (post processing). However, working in conjunction with Carbon Quest and Adamawa State, the Renewable Energy Programme office is establishing an integrated "Rice Processing and Power Generating Facilitator", to the economic benefit of the investing state, garnering the advantages of large-scale rice production and self-generated power from the rice husks. As pointed above, there have been a number of pilot projects in renewable energy in Nigeria. However, so far very few initiatives have been scaled up or replicated. In the following section we highlight some of the key challenges that practitioners have identified in facilitating local energy provision in low-income communities in Nigeria.
Barriers to Penetration of Renewable Energy Technologies in Nigeria
Despite technological developments and economic viability for several applications, renewable energy sources have been tapped only to a small fraction of its potential in Nigeria. This is due to the existence of several types of barriers to the penetration of renewable energy. Among these barriers are:
Policy and Regulatory Barriers
The focus of national policy has consistently been on centralized conventional sources of electric power. Several incentives were established to promote investments in conventional power generation. Subsidizing grid power has so far penalized investments in alternative energy solutions. This lack of a level playing field for all energy sources and technologies has constituted a formidable barrier to the growth of alternative electricity services.
Until lately, the defunct Power Holding Company of Nigeria (PHCN) was the only entity legally permitted to produce and distribute electricity. Under the 2005 Act, independent power producers are permitted to operate, however, the legal framework for successfully implementing PPA is still evolving. The perception of significant regulatory risks by potential investors and financial institutions compound the challenges faced by potential renewable electricity investors. Moreover, guaranteed access to the grid is an important element of an investment decision to embark on grid-connected power projects. At present, a non-discriminatory open access to the national electricity grid, for renewable power, is not assured.
Financing and Investment Barriers
Renewable energy projects have high initial costs. This affects the overall cost of energy produced per kWh. Investors will not be favorably disposed to wind, small hydro or power from cogeneration plants if they will not make profit by selling the electricity. Average electricity tariff in Nigeria is put at about N6.75 per KW-h (approximately 5 cents per kWh). Average cost of typical sources of renewable power for mini hydro is 5-10 cents; solar PV: 20 -40 cents; biomass power: 5-12cents; wind power: 6 -10 cents. Without adequate financial incentives market entry will be difficult.
Renewable electricity projects are not common practice, therefore bankers perceive a higher degree of risk and are reluctant to lend -instead they give preference to large-scale conventional electricity investments. Interest rates are generally high and the appetite for long term credits are low among financial institutions, especially for nonbusiness-as-usual projects as small scale renewable power projects.
Nigeria has no significant manufacturing capacity for components of renewable energy technologies. The existing capacity in solar PV and small hydro plants is limited. Significant supply chain constraints include long project implementation periods, high import tariffs, bottle-necks in the customs clearing of goods and the issue of corruption.
Technological Barrier
As noted in the 2005 National Renewable Energy Master Plan supplies and servicing for renewable electricity projects are not readily available in Nigeria. Therefore, potential IPPs may face significant logistical challenges in procuring equipment and maintenance support for renewable electricity projects.
Beyond the local availability of supplies, there are significant gaps in the capacity for manufacture and maintenance of system components such as small hydro and wind turbines. In most cases, the choice and design of turbines are site-specific. With no local turbine manufacturers available in Nigeria, this adds to project complexity and costs. The simple fact that the project will be dependent on manufactures of the turbines for spares and major maintenance presents a major technical challenge. To compound these barriers, these projects are often located in remote areas and therefore face significant challenges in attracting competent and qualified manpower for operations.
Limited Public Awareness
There is limited public awareness of the potentials of renewable electricity in meeting some of the energy and development challenges facing the country. The inadequacy of awareness creates a market distortion which results in higher risk perception for potential renewable electricity projects. The general perception is that these forms of energy technologies are not mature and only suited for niche markets.
Standards and Quality Control
A major constraint to the development of the renewable energy market in Nigeria is the poorly established standard and quality control of locally manufactured and imported technologies. Creating quality assurance is a precondition for building consumer confidence and in growing the market for renewable energy. Two important dimensions to issues of quality include the perception of potential users, poorly developed regime for standards setting, testing and certification as well as professionalism among operators.
Inadequate Resource Assessment
The growth of the renewable power industry will depend to a large extent on the availability of a solid resource database. Reliable and up-to-date sources of data will assist investors in making decisions on renewable electricity in the country.
Intermittency of Resource Availability
An underlying barrier affecting all renewable electricity resources is the intermittency of their availability. The challenge of energy storage and system management presents a major challenge and adds to the complexity and costs of renewable electricity.
The Policy Guideline establishes a framework to address the above barriers. It creates measures that enable market expansion and private sector participation in renewable electricity business. It further facilitates gridconnected and off-grid operations as well as increased role for renewable electricity in rural electrification.
Decentralized Renewable Energy System
Energy will always be at the forefront of growth and development. Nigeria's renewable energy potentials are too promising to be ignored. With projections estimating Nigeria's fossil fuel reserves to be depleted to an uneconomical point by 2050 (Shaaban and Petinrin, 2014) , more than ever the time to pay close attention to decentralized renewable energy generation is now.
Presently, most of the power received by Nigerian electricity consumers is central (on-grid) power supplied by the Distribution Companies (DISCOs). On-grid power generation has over the years had its constraints, some of which are: unavailability of gas, inadequate transmission infrastructure, liquidity issues in the Nigerian Electricity Supply Industry (NESI), non-completion of Nigerian Integrated Power Project (NIPP) Plants etc. It is imperative to note that whilst the issues raised above are being resolved, Nigeria has to look at viable solutions for increasing access to electricity in the country through decentralized energy system.
The use of decentralized renewable electricity is a promising way to meet the demand for basic energy needs in Nigeria, especially among the rural dwellers. Such systems -which include, for example, solar home systems, small wind and mini-hydro, and portable solar lanterns -do not require installation of costly transmission lines and are becoming increasingly affordable to improved economies of scale as a result of the growing number of users and technical improvements (WADE, 2009 ). In addition, decentralized systems are more likely to be manufactured and/or repaired locally and are hence, less dependent on foreign technical assistance, strengthening the sustainability of rural livelihoods (Oyedepo, 2014a) . Considering Nigeria's plans to increase generation capacity in the coming years and the low level of access to electricity in the rural areas; there is need for significant investments in decentralized (off-grid) energy system generation. Among the prospects of decentralized renewable energy system solutions in Nigeria include the following:
Potential to grow industrial clusters and small cottage industries: Most industrial clusters and some small cottage industries require uninterrupted power supply to function optimally. The power supplied could be generated through fully decentralized renewable power plants or embedded within distribution networks. This could potentially transform the economy of these areas; increase profitability for the existing businesses; create jobs; and breed a crop of customers who are willing to pay for electricity supplied. In view of this, the Manufacturers Association of Nigeria (MAN) has identified about 28 clusters for mini-grid modular plants ranging from 5 to 50MW in areas including Ogun and Lagos States (www.thisdaylive.com).
Opportunity to expand and refurbish distribution networks of the DISCOs: In line with the NERC Regulation for Independent Electricity Distribution Networks, 2012 (IEDN Regulations), decentralized renewable generation plants require Independent Electricity Distribution Networks (IEDNs) to supply electricity to end users, save for eligible customers upon declaration by the Minister of Power, who can be supplied to directly. This creates opportunities for investors who may wish to create off-grid projects with their own IEDN. This could potentially be a win-win situation for DISCOs who could either collaborate with developers to expand or refurbish their network; add to their number of paying customers; or acquire the developer assets given the right regulatory framework.
Opportunity to collaborate with State Governments: Many state governments are looking to partner with investors to develop more decentralized (off grid) projects than on-grid projects. This may be to avoid regulatory constraints (as a result of the fact that most laws, regulations, and agencies for on-grid projects are controlled by the federal government) which state governments may experience when executing on-grid projects. It must, however, be noted that whilst these constraints may be minimal with off-grid projects, they cannot be totally avoided, as NERC, being the regulator of the power sector still has the power to issue off-grid licenses and generally regulate the power sector. Notably, the Lagos State Government has initiated some Independent Power Projects (IPPs) to provide electricity to its own establishments, including schools, ministries, hospitals, and courts. As at July, 2015, the state had commissioned five IPPs with an accumulated capacity of 47.5MW.
Access to other fuel alternatives: Most of the power plants in Nigeria are gas fired thermal plants.
Given the current constraints with gas, decentralized renewable power plants are able to take advantage of diverse and hybrid fuel sources like renewables (solar, wind, biomass) and because the power is not generated on grid, transmission constraints with renewables are eliminated. This would be particularly more useful in areas where there is limited gas supply, e.g. the northern part of Nigeria where solar, wind, and hydro sources are prevalent.
Considerable insulation from the issues within the NESI: Given Nigeria's considerable power requirements, decentralized energy system solutions within a cluster of customers willing and able to pay present a viable investment opportunity for power developers. This is particularly because their investment would be insulated from the current liquidity issues in the NESI.
Opportunity for rural electrification: Decentralized energy system solutions are also useful in Nigeria in view of some topographical or geographical challenges in the rural areas which have made it uneconomical to extend the grid to such areas. Rural electrification in Nigeria is currently in a weak and dilapidated state; hence there is a dire need for investments. It is expected that many rural electrification projects will spring up this year. A priority for the renewable energy agency (REA) should be the sustainable development of rural mini-grids that are targeted towards the economic development of these rural communities so that the communities can learn the culture of paying for electricity.
Policies and Renewable Energy Resources Initiatives
Renewable energy deployment in Nigeria is still at its infancy stage. Apart from hydropower no grid connected capacity has been installed yet; however, plans were put in place to have grid connected renewable energy power from 2017 on (Sambo, 2018) . One of the reasons that explain this is the lack of policies and regulatory framework that drives the sub-sector in the past. Large scale implementation process of renewable energy requires strategies that allow for a number of factors including priority or target setting, policy continuity and a clear focus on key issues.
The Renewable Energy Master Plan (REMP) principally aims to improve the development of renewable energy and eliminate obstacles that hinder this goal. It amplifies the framework, targets and timelines of specific renewable energy sources which include solar energy, hydropower, biomass and wind. The main objective of this plan is to promote national energy security, improve energy access especially in rural areas and encourage research and development of renewable energy in Nigeria. The objectives are to be achieved short-term (2015 -2020), medium term (2020 -2025) and long-term (2025-2030) and the programmes include: National Biomass Energy Programme, National Solar Energy Programme, National Hydropower Programme, National Wind Energy Programme, Emerging Energy Programme and Framework Programme for Renewable Energy Promotion (Obideyi, 2017) . A summary of the renewable energy targets is shown in Table 6 .
Although, the nationwide potential for large-scale Renewable Energy projects is immense, existing large-scale grid connected renewable energy projects do mainly exist as large hydropower dams. To date, no real commercial large-scale project has been successfully implemented, other than hydropower (Adebisi and Yabo, 2016 ). Many Idemudia and Nordstrom (2016) Federal and state Government Ministries, Department, and Agencies (MDAs) as well as private sector players have organized programmes to support and implement various renewable energy technology projects in the near future.
Some of the goals for renewable energy sources include: to attain 15% and 20% contribution of hydro to the nation's electricity mix by 2015 and 2020 respectively, attain 1% contribution of wind and solar respectively to the electricity generation mix by 2020, ensure replacement of 50% of firewood consumed with biomass energy technology by 2020 and utilize biomass resource to obtain power generation capacity of 1000MW.
There is however evidently slow integration of renewable energy into the energy mix despite its abundance in the nation. .Numerous projects are planned/ongoing for the improvement of energy accessibility in Nigeria. Recently, the Federal Government was involved in some partnership with private sectors to provide both on-grid and off-grid solar solutions. In July 2016, license was granted to 14 solar developers (Quaint Abiba Power Ltd, Anjeed Innova Group, Nova Scotia Power Development Company, Pan African Solar, Nigerian Solar Capital Partner, Afrinergia Power Ltd, Motir Dusable Ltd, Nova Solar 5 Farm Ltd, Kuk Power Ltd, Middle Band Solar One Ltd, LR Aaron Power Ltd, CT Cosmos, EN Africa, Oriental Renewable Solution) to include solar to the national grid and the Nigerian Bulk Electricity Trading (NBET) signed the first solar Power Purchase Agreement (PPA) with these developers to produce a total of 1125 MW of utility-scale solar (Obideyi, 2017; Detail Commercial Solicitors, 2018) . Also a national Solar Home System Program (SHS) was recently introduced in alliance with the NDPHC and Azuri technologies (a private mobile pay-go systems specialist); the goal is to provide 20,000 homes with off-grid solar power systems within a period of 12 months (initial phase) (Ofikhenua, 2017) . This solution is targeted towards rural areas that lack access to the grid, it aims to stimulate social and economic activities by ensuring affordability through a monthly repayment scheme; about 200 units were deployed at the pilot phase in Wuna, a rural village on the outskirts of Abuja. A full-scale rural electrification project commenced in 2011 and funded by United States Agency for International Development (USAID) and United States Department of energy; had a total funds invested of $450,000 (Okereke, 2017) . The project provided a water pumping system, street lighting, a microenterprise center, light for 20 homes, and portable pump for crops as well as power to healthcare centers, schools and religious centers in Jigawa state. The project was implemented and is being maintained by Solar Electric Light Fund (SELF), an NGO located in Washington, DC. Recently, NBET signed PPAs to procure 1,200 MW of solar power at the rate of 11.5 US cents/kWh expected to come online by 2018 (Sambo, 2018) .
The first wind farm project in Nigeria was awarded in 2010 with expected completion in 2012. It is a 10MW farm located in Katsina and it is worth 5.5billion Naira (Saddik & Alhassan 2012). As at 2016, only about 5 wind turbines of 37 expected units have been mounted; each turbine was installed at a height of 55m and has a generation capacity of about 275kW (Sunday, 2016) .
As regard hydropower projects, Federal Government is making attempts to construct both large hydropower (LHP) and small hydropower (SHP) plants. The biggest of these projects for the LHP power plant is the 3050 MW Mambilla project in Taraba state. The project was initiated in 1972. The Federal Executive Council (FEC) on the 30th August 2017 approved the contract for the engineering work in the sum of $5,792 bn. The project is expected to be completed within 6 years (Detail Commercial Solicitors, 2018) . According to Akorede et.al (2017) , the government also signed a contract worth $1.293billion for the construction of 700MW plant in Zungeru and constructions have started.
Renewable energy utilisation in Nigeria is becoming a top priority on the policy agenda. Before now renewable energy utilization is limited to large hydro power which contribute about 20% of the electricity mix. However, at present a lot of attention is given to other renewable energy resource development such as solar, wind, small hydro and biomass. The total share of new renewable energy in total energy and electricity mix is still very low, but this is expected to increase as the gains from the recent power market reforms starts to trickle in (Sambo, 2018) .
In May 2015, the Nigerian Federal Executive Council approved the National Renewable Energy and Energy Efficiency Policy (NREEEP). The NREEEP outlines the national thrust of the policy and measures for the promotion of renewable energy and energy efficiency (Lawal and Ojo, 2017) . The NREEEP projects off grid power generation from renewables to reach an estimated 12,500 MW in 2030. Nigeria intends to increase generation capacity using renewable energy sources including solar, wind and hydro with capacities of 1345 MW, 631 MW and 6156 MW, respectively.
RECOMMENDATIONS FOR THE WAY FORWARD IN ACHIEVING SUSTAINABLE ENERGY
Based on the benefits of renewable energy systems, the following recommendations are suggested key to moving forward on large-scale deployment of renewable energy technologies in Nigeria:
Establishing a Legal and Regulatory Framework
All the objectives listed in the Power Sector Reform programme, if fully implemented, will help solve the energy poverty issue in Nigeria. NERC must monitor the activities of all participants in the electricity market and ensure that all rules, regulations, and codes are enforced in a fair, transparent and equitable way. It is also crucial to institutionalize and improve the relevant legal and administrative framework, including establishing a serious commitment to developing and enforcing standards, regulations and codes for Renewable Energy Technologies and Systems (RET/RES). NERC also has to ensure that each energy sector decision will be in the public interest.
Adoption of Feed -in Tarrifs Scheme
Several countries have adopted feed-in tariffs, public competitive bidding (tendering), tax incentives, and quotas to drive deployment of renewable energy system. The use of public competitive bidding has gained momentum in recent years, with Brazil, El Salvador, Peru, and Uruguay issuing tenders in 2013 for more than 6.6 GW of renewable electric capacity. Japan for example implemented the solar Feed in Tariff (FIT) scheme that began in November 2009 and this has played an essential role in the recent strong growth in solar PV installations. According to the program, utilities are required to purchase surplus solar electricity for ten years at a fixed rate of JPY48 (USD 0.60)/kWh-almost twice as high as the market price of electricity-for residential PV installations below 10 kW (Wei-Ming et al., 2014) . The FIT program has been very successful; according to Ministry of Economy Trade and Industry (METI) (2014), the annual surplus solar electricity purchased by the utilities reached 1.4 billion kWh in 2010. At the end of 2011, Japan had the third largest solar PV capacity in the world after Germany and Italy, with an installed capacity of 4.9 GW (European Photovoltaic Industry Association, 2012). Nigeria can take a cue from this.
Fiscal Support
The provision of fiscal incentives can address financial barriers to the development of renewables . Fiscal support can come in various forms which may be from tax exemptions on imported RE equipment, to tax holidays on generation incomes (KPMG, 2011) . Some tax incentive policies includes; import duty/excise duty concession, VAT concession, tax credit, production tax concession, and tax holiday on generation income. Furthermore, environmental taxes have proved to be an effective fiscal support in some countries. An example is observed in Denmark which was one of the first European Union countries to implement an environmental tax. Since 1992, Denmark energy consumers have been charged a CO2 tax and some of the revenue generated goes to generators of electricity from renewable energy (Fouquet and Johansson, 2005) . Another country is Sweden which used the same approach and this added in the expansion of biomass. This made energy from fossil fuel such as coal very expensive (Joelsson, 2011) .
Regular Evaluation of Existing Energy Policy and Plans
The government should plan to review, periodically assess and evaluate the existing National Energy Policy, Renewable Energy Master Plan, Solar PV Master Plan, Energy Master Plan, and Renewable Electricity Master Plan.
Increased National Awareness
In order to create awareness of new energy sources, research into Renewable Energy Technologies and Systems should be promoted nationally, as should news about their development, uses, deployment and dispersal. Disseminating information about new energy sources, drawing up public awareness strategies and Consumer Consultation Services will also be important.
Investment and private sector involvement
Speeding up DE deployment in Nigeria requires huge investment that exceeds the current capability of the domestic private sector. So far, foreign investment capital and national foreign exchange earnings have funded energy sector investment. Introducing new market incentives, along with fiscal and regulatory measures at the national and local Government levels, could encourage more private investment in the power sector. In addition, feed-in tariffs (see glossary) could stimulate the private sector to invest in DE technology and make DE viable.
Technological and Environmental Support
In order to support the development of RE, the technological and environmental support needs to be explored. For technological aspect, R&D support comes in mind. Most R&D programs are typically in the form of grants or loans and sometimes provided with no expectations of financial gains. However, it is very important that the particular R&D program receiving the funds for the R&D develops patentable technologies. In Australia, the government competitive grant scheme called the Renewable Energy demonstration Programs (REDP) was used to support the development of commercial RE projects and mini-grid project (Hogg and O'Regan, 2010) . The German Federal Ministry of Economic Cooperation and Development (BMZ) commissioned the Renewable Energy Support Programme for ASEAN (RESP-ASEAN) to enable the sharing of expertise and policies in order to improve framework conditions for RE in ASEAN countries. This produced corresponding guidelines for bioenergy projects in Indonesia bioenergy project and Philippines solar project (ASEAN-RESP, 2015) .
Renewable Portfolio Standards
Considered as the least-cost option for RE development in many countries, RPS has a reputation for bringing down the cost of RE technologies and it creates a competitive market. The RPS system has shown in many countries to be a sustainable policy to RE generators since the government will compensate them for their extra costs through subsidies. This option if considered by the Nigerian government has the potential to create a RE market in Nigeria that will be very competitive since Nigeria have the market and large RE resource potential. However, the Nigerian government should ensure the flexibility of targets and adjust it on the short-term bases. The government should also take note of regional imbalance in pricing as some locations may have higher RE resource potential than others, while some may have the problems of electricity transmission and distribution.
International Cooperation
Developing international cooperation is important, especially in the areas of developing local RETs and RES manufacturing capacity and Smart Grid systems that can enable grid stability when RE electricity is injected.
Education and Training
The government, together with educational institutions, should establish education and training in RETs and RES to develop the skills and knowledge of technicians, engineers, administrators, and other key staff.
CONCLUSION
This study examines the appropriateness of utilizing available renewable energy sources in Nigeria, namely solar energy, wind energy, small hydro power and biomass in form of decentralized energy system to provide electricity in rural areas and urban locations not connected to the national grid. Decentralized energy system has been shown to offer substantial advantages over conventional power generation in Nigeria. This remains true across a range of areas, including the environment, the economy, efficiency, security and reliability, as outlined in this paper.
Current energy policy is not suitable for sustainable economic growth in Nigeria. Since current centrally managed systems have completely failed to address the nation's energy problem, a decentralized energy system based on possible future re-structuring of a Federal Nigeria is discussed. Only decentralized energy systems in which users are involved in planning, development, construction, operation, and maintenance, are sustainable in the long-term. Decentralized energy projects are small in size but more efficient, and can avoid major environmental, social disturbances, and foreign investment associated with large-scale centrally managed energy systems.
Estimated total investments to meet the demand for the Optimistic Growth Scenario is US$ 484.62 billion. The Federal Government alone cannot provide this level of funding. Indeed, the state governments, private sector and foreign investors must be involved. Moreover, all the country's energy resources and more importantly, renewable energy need to be deployed in order to achieve matching supply with demand on a continuous basis.
The economic and social opportunities that sustainable energy systems can bring are significant attractions for various private and federal organizations in Nigeria to invest aggressively in the new systems. However, an orderly adaptation process to the new energy system must be followed. This includes:
(a) Identification of solar powered electric energy, small hydro-power system and biogas generation through biomass technology development as systems enterprises that will create maximum benefit at the grassroots level in both the rural and urban communities of Nigeria; (b) Prioritization of the need to modify the current energy generation and distribution monopoly in Nigeria and allow decentralized investment and development of sustainable energy systems; (c) Creation of a triad joint research synergy between a foreign research institution, two or more research institutions in Nigeria and a renewable energy development professional who will bring about the execution and implantation of research results into practice; (d) Identification of the distributed social infrastructures that will benefit from the identified sustainable energy sources; and (e) Development of financing models that will help stimulate sustainable energy development and make it affordable to citizens.
